Thin films of Mg, in the thickness range of 23,000 ~ 93,000 A, were prepared at 10~6 Torr pressure and 45° C temperature. The x-ray diffraction spectra (XDS) have been measured for several reflections with crystal monochromated and Ni-filtered CuKai radiation. A detailed Fourier analysis of the broadening of x-ray lines indicated very strong effects of the oxidation of the surface, thermal stress along 100 and 002 planes, and preferred orientation along 002 planes parallel to the surface of the substrate.
cleansed microscopic glass slides. The details of the film preparation and recording of the x-ray pattern are the same as discussed in our earlier publications [3, 51. Several high quality films in the thickness range of 22,800 to 92,710 A were prepared. These are described in Table I . These films were made purposely thick because the diffracted x-ray intensities from Mg films in the smaller thicknesses, especially below about 10,000 Ä, were very low due to small atomic number of Mg (Z = 12) compared to Zn (Z = 30) and Cd (Z = 48). Mg films were found to be extremely oxidation prone and rather porous. The thickness measurement was done using a Sloan DEKTAK measuring system. It should be pointed out that any gravimetric measurement for thickness, as sometimes done, is impractical for Mg thin film, due to its extremely low density (=1.74g/cc). The usual correction factors due to satellite radiations, nonpolarization of the x-ray beam and absorption effect were applied. The angular-dependent-satellite-separating function <51 yielded [17] much less modulation on the high angle side of CuKai diffraction peak than when constant satellite separating function <5o was used.
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Normalized Fourier Coefficients of the
Particle Size and Microstrain
As explained in our previous publication [3] 
The Geometrical and Preferred Orientation Parameters
To gain an insight about the parameters K and S we suggest the following equations, which have not been published before, 
Thus with the help of the above theory we can determine the exact value of (KS). It is, of course, not possible to isolate K from S and vice versa. A simpler way, which is a little less rigorous, would be to replace the root mean square strain term eL of Eq. (4) by mean strain term of (7). In that case one can completely circumvent Eq. (9) and save considerable amount of computation time. We show in Table II 
Fault Size and Fault Probabilities
For the fault size Dp and the two fault probabilities a and ß we require the particle size D in that direction. As it has been demonstrated earlier [ Fig. 2 . The plots of 6Hr/dL for films Fl, F4, and F6. The values of (K -f S) were determined from the initial slopes of these curves. 
Major Contributions of this Study
Proposed Models for Mg Thin Films
The variation of the particle size over the entire thickness range studied here is observed to be much less than that of the mean strain. One could perhaps then interpret this fact as that, on the average, the particle size does not change and consider an overall average particle size of 2) ~ 266 A. In the same range the mean strain e^, is changing by more than 50%. Not only that, the sign of the mean strain, which remains negative in most parts, changes to a positive value at least for the reflec-tion 102. This is shown in the plots of Fourier coefficients plotted in Figure 1 . In this sense, we find a very interesting result for Mg thin films. We might, in all probability, postulate that the source of the strain in Mg thin films has two possibilities: i) the usual thermal strain induced by mismatch of the linear thermal expansion coefficient between Mg (af = 25 X 10 _6 /°C) and glass (ocg = 9 X 10-6/°C), ii) the presence of two kinds of grain boundaries due to the formation of two types of oxides which must always be in satisfactory agreement with the conservation of energy of thermodynamic equilibrium.
A summary of these results shows a number of new features. If we just concentrate on the particle size D and mean strain of the reflections 100 and 002 we find that vacuum deposited Mg thin films have two markedly defined phases: the first one is PI in the region of 23,000 ~ 40,000 Ä and the second one is P2 in the region of 40,000 ~ 93,000 Ä. In phase PI we find, while the effect of D increases that of e±, decreases. However, in phase P2 the effect of particle size decreases but that of the mean strain increases. Vacuum deposited Cd thin films had mostly thermal strain, which we have already reported. In pursuing this point, since then we [18] have made additional investigations of Cd thin films by probing them with XPS and AES techniques, but detected no such oxidation phases as we predicted for Mg thin films.
The fault size Dp for Mg thin films is not seemingly altered by the film growth. The order of magnitudes of both the deformation and growth fault probabilities are about ~ 10~3. It turns out that for directions h -k = 2N
with I -even integer, we have one set of a and ß, but another set for directions h -k = 3N ±1 with I = odd integer. This is quite conceivably due to the requirement of the stacking fault energies, which should again be linked to the adjustment of the potential energies of the atoms due to the formation of two oxides mentioned above.
Comparison with Other Thin Film Studies
From the present investigation including our previous investigations on other thin films [3-5], we consistently find that the structure and properties of polycrystalline thin films are very much different from their corresponding polycrystalline powder. For example, at room temperature in Mg powder, the strain value was zero, the particle size was 295 Ä, but the fault probabilities (3oc + /?) and (3 a + 3/?) were about the same order of magnitude as observed in Mg thin films.
As mentioned in the introduction recently some studies on the Fourier analysis of line broadening have been reported for thin films of HCP Cd [6] and Zn [7] and FCC Cu [8, 14] 
Summary of the Results in the Present Study
In conclusion we may emphasize that an x-ray line broadening analysis of vacuum deposited Mg thin films reveals a number of new results, which are very different from Cd thin films. There are three factors which contribute to the line broadening of Mg thin films-oxidation, preferred orientation and thermal stress.
The oxidation part further complicates the situation by presenting itself in tw r o different states. We have identified them as Phase 1 (PI) and Phase 2 (P2) respectively. The particle size decreases and mean strain increases in PI. In P2 the particle size increases and the mean strain decreases.
The geometrical and preferred orientation parameters (K + S) do not influence the particle size and mean strain so far as their identities are concerned. They simply come out as additional members of the family of line broadening parameters, which can only be extracted through the second derivative of the Fourier coefficients. Finally, the effect of the thermally induced strain is always produced between the glass substrates and Mg thin films, but it could be minimized or made to disappear by lowering the substrate temperature during deposition or selecting substrates of equivalent linear thermal coefficient . These sorts of studies should be more interesting and could be pursued.
